SUMMARY
It is current practice that certain laboratory tests are routinely performed on critically ill patients within an intensive care unit (ICU). Such routine blood testing does not appear to be based on indicators of severity of illness or illness category [1] [2] [3] [4] . In the case of arterial blood gases, documented as the most frequently ordered laboratory test in the ICU 4 , the presence of an arterial line was shown in one study to be the strongest predictor for arterial blood gas measurements 4 . When examined closely the routine ordering of blood tests has been shown to be excessive and inappropriate 1, 2, [5] [6] [7] . The use of guidelines for any blood testing of patients in intensive care has documented a reduction of up to 59% [1] [2] [3] 8, 9 for certain tests and, collectively for all blood tests, an overall decrease of 42% 10 . These reductions were achieved without any negative impact on intensive care mortality, length of stay, ventilator days and time to wean from mechanical respiratory support 1, 3 . Guidelines within these studies differ. Most were developed through a local, multidisciplinary, consensus approach, as there is little strong published evidence to validate or refute indicators for blood testing of patients in intensive care. Local guideline development is associated with a greater compliance 11 . In the absence of broader universal guidelines, the variability amongst local guidelines and the recent publication of articles reporting their applicability, a survey of current practice for routine blood testing amongst ICUs in Australia and New Zealand was undertaken. The purpose of the survey was to examine current practice of routine blood analysis, the prevalence of guidelines for such analysis and factors that have impacted on their utilization.
MATERIALS AND METHODS
Permission to access the mailing list of the Australian and New Zealand Intensive Care Society (ANZICS) was sought and granted. A questionnaire and self-addressed return envelope was sent to the listed contact of each ICU on the mailing list. The questionnaires were completed and returned anonymously. No follow-up surveys were conducted.
The data from the returned forms was analysed collectively, utilizing descriptive statistics. Chi-square analysis was used for comparisons. The statistical significance level was set at P=0.05. Minitab Vs 12 statistical software program 12 was used for statistical data analysis.
For the purpose of this study a routine blood test was defined as a blood test performed with a set regularity or based on predefined clinical criteria and not as part of an extraordinary clinical indication.
RESULTS
The questionnaire response rate was 56% (96 Units). Of those 36% were from a tertiary referral ICU, 33% from a regional/base ICU, 20% from a private hospital ICU, 6% from a metropolitan ICU and 5% from a rural ICU. Thirty-eight (40%) were accredited for intensive care specialist training. The average APACHE II score based upon the 57 ICUs recording that value was 15 (±3.4). Routine blood testing as defined in this survey was not practised in 12.6% of the responding ICUs.
Nearly all ICUs (95%) had written nursing guidelines for nursing care, 70% had written medical treatment guidelines and 46% of all ICUs had written guidelines for routine blood testing. A Point of Care (POC) analyser (performing arterial blood gas analysis) was present in 72%, and of those units 47% had guidelines for routine blood testing. Of ICUs with written medical guidelines, 77% also had guidelines for routine blood testing as compared to 60% of ICUs who did not have written medical guidelines, (P=0.08.) Figure 1 shows the distribution of nursing, medical, routine blood testing guidelines and POC analyser by the type of ICU. Regional Base ICUs were least likely to have guidelines for routine blood testing, whilst tertiary referral ICUs were the most likely to have guidelines within all categories. Private ICUs were most likely to have a POC analyser. Figure 2 illustrates the survey frequency of routine blood tests for patients in the responding ICUs. The most frequently performed combination of daily routine blood tests (86% of ICUs) were arterial blood gases, full blood count and electrolytes. In addition to these tests, daily liver function tests were performed routinely by 36% of ICUs. Arterial blood gases (ABG) were the most likely of all listed tests to be routinely performed two or more times a day.
As expected, the medical staff were involved in the ordering of all routine blood tests. Ordering was most frequently done by the ICU consultant medical staff (53%). This was most likely to occur at the time of the start of the medical night shift (37%) or day shift (16%). ICU consultant staff were least likely to be involved in the ordering of such tests if from a tertiary referral hospital (37.5%) as compared to regional (63.3%) and private ICUs (60%), P=0.07. Senior registrar staff were more likely to be involved in the ordering of such tests if from a tertiary referral ICU (22.5%) as compared to a regional (6.3%) or private ICU (5%), P=0.07.
Nursing staff were either solely responsible (45%) or assisted the medical staff (25%) in taking the required blood samples. Samples were most likely to be taken at the end of night/beginning of nursing day shift (34%) or beginning of the medical day shift (30%). Figures 3 and 4 guidelines for routine blood testing was documented in 10 (10.5%) of the returned questionnaires. The most common reasons were a failure to reach a consensus as to what such guidelines should be, the variable patient casemix and severity of illness, the perception that if such a blood test was not performed then a clinically relevant patient feature would be "missed" and the poor compliance amongst junior medical staff who frequently rotated through the ICU. In all but one of these ICUs the response was that guidelines for routine blood testing could be developed.
Overall, 19% of all surveyed ICUs responded that guidelines for routine blood testing would not be applicable for their ICU. The most common accompanying comments were that no blood test should be considered routine, blood analysis should be individualized for each and the variability in patient casemix and severity of illness for each ICU.
DISCUSSION
The purpose of this survey was to document the current Australian and New Zealand application of routine blood testing for patients admitted to an ICU, the prevalence of guidelines for their use and factors that have impacted on the utilization of such guidelines. This survey's results were limited to some extent by the overall response rate of 56%. It is possible that a follow-up of non-responders may have revealed findings concerning the use of routine blood guidelines contrary to those found amongst the responders. Nonetheless this survey showed that there is general agreement amongst ICUs in Australia and New Zealand as to the type and frequency of routine blood tests, despite the presence or absence of guidelines for their use. Clinical and operational factors unique to each ICU appear to have an important impact as to overall application of guidelines for routine blood tests.
Routine blood testing was not practised in 12.6% of the ICUs. Written guidelines for routine blood testing were present in 47% of the ICUs. The presence or absence of such guidelines did not influence the frequency at which routine blood testing occurred. This suggests that guidelines, although shown to be effective in reducing overall blood tests [1] [2] [3] 8, 9 , do not appear to alter the frequency of routinely ordered blood tests. This may reflect a broad agreement amongst ICUs as to the requirement and application of such routine blood tests. The most frequently performed combination of daily routine blood tests was that of ABG, full blood count and electrolytes. ABG was the test most likely to be 
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For the majority of ICUs, the senior medical staff were listed as the most likely to order such blood tests. Senior medical staff from within tertiary referral ICUs were least likely to order such tests, possibly because of the increased presence of senior registrar staff within those ICUs. Nursing staff were the staff most commonly involved in taking the patients' blood samples. Blood for such analysis would be taken from the patient on or about the time of the beginning of the nursing and/or medical day shift. This separation of ordering and sampling, both in terms of staff involved and the time interval between the two, would suggest that a multidisciplinary approach to the development and introduction of guidelines would be required.
Failure to adhere to previously developed guidelines was documented in 10.6% of the ICUs and 19% responded that guidelines would not be applicable to their ICU practice. The most commonly cited reasons for failure and/or a reluctance to develop such guidelines were the variability of patient casemix and severity of illness and the need to individualize blood analysis to such patients. A policy of consideration of each individual patient and/or blood test prior to testing has been suggested 10 and subsequently shown 3 to be safe and cost-effective in achieving reductions in routine and non-routine tests.
Lack of agreement of medical staff and factors pertaining to the junior medical staff (frequency of rotation through the ICU, fear of "missing" a significant finding) were other stated explanations for failure to apply guidelines. This indicates that clinical and organizational characteristics specific to each ICU have a significant impact on the way routine blood testing is applied. This finding is further supported by the fact that written guidelines for routine blood testing were more common amongst ICUs that also had written medical guidelines.
Unnecessary testing can result in four types of potential harm-technical errors, interpretive errors, injuries to patients as a result of procedures performed on the basis of interpretive errors and informational overload affecting decision-making 12 . An approach of individualizing testing for each ICU patient, although infrequently practised amongst the surveyed ICUs, may be more applicable than predetermined guidelines. However, based upon this survey's results as to the timing of blood sampling from patients, it would imply an increased proportion of input from junior as compared to senior medical staff. A comparison of current practice with that of the individualized testing is suggested so as to allow an informed choice between the two.
